The anodization of porous aluminum pellets is accompanied by a change in the composition of the electrolyte within the pellet pores. This change can be accounted for by electrochemical transport of ions to the electrodes and the inability of the system to overcome the concentrating effects in the anolyte. It is shown that this effect can, depending on the composition of the bulk electrolyte, result in a strong acid environment or a weakly conducting electrolyte within the pellet. Either condition results in undesirable oxidizing characteristics; a strong acid will lead to the formation of a porous film which is poorly impregnated by the solid electrolyte, and the resistive electrolyte impedes the growth of oxide film. This work indicates that these extreme conditions may be avoided by the use of electrolytes containing salts of organic acids of moderate strength. (except for a short distance into the structure). Thus, the electrochemically-created concentration effects can only be reduced by diffusion and convection, and in the unfavorable pellet geometry characterized by highly constricted channels, these processes have no appreciable effect. Therefore, in the case of dilute acids and for some salt solutions, as described below, 59
An electronic component with significant commercial potential is the aluminum counterpart of the solid electrolyte tantalum capacitor. Aluminum powder of high purity is available at very low cost relative to tantalum powder, and its density is one-sixth that of tantalum. Thus, even though the dielectric content of Ta2 05 is about three times as great as that of A12 03, it is clear from simple calculations that, for powder of comparable surface area, the cost per farad-volt of aluminum solid electrolyte capacitors would be far less than those constructed of tantalum. In our laboratories we have constructed large numbers of such capacitors on an experimental basis. The effort has been pursued along two avenues, the development of a hermetically sealed device and a resin encapsulated device. The first approach has been partially conducted under a U.S. Army Electronics Command contract.
Early in the development of the solid aluminum capacitor, it was observed that the dry capacitance obtained was only 70 to 75% of the wet capacitance, i.e., the capacitance recovery did not approach the 95 to 100% value that the solid tantalum capacitor will yield. The so-called lost capacitance could be recovered by immersing the manganese dioxide coated pellet in a liquid electrolyte or by exposing the capacitor to high humidity. Thus, it was realized that the MnO2 was not contacting all of the available surface area, and this available surface area results ih a potentially unstable capacitor when subjected to high humidity conditions in a nonhermetically sealed package. Prototype resin encapsulated units did in fact exhibit such instability, and capacitance increases of 25 to 30% were observed when the capacitors were exposed to humidity tests. These capacitance effects have been attributed to the structure of the oxide film, which in the pellet interior is believed to consist of a barrier layer and a superimposed thick porous layer. Examination of the oxide film thickness within anodized porous pellets revealed non-uniform interference colors, indicative of a large variation in the oxide thickness throughout the pellet. Although quite reproducible color patterns were found for each pellet size, the patterns or color distribution varied with the pellet diameter. Study of the interference colors from the outer edge of pellet into the center indicated that the oxide became considerably thicker towards the middle of the pellet. involves the evaporation of a thin layer of gold over the oxide layer. This technique produces relatively bright interference colors, the color being an indication of the thickness of the oxide film. Pellets were broken along the longitudinal axis as well as perpendicular to this axis, and a thin layer of gold was evaporated on the oxide coated structure. Aluminum foils anodized to various voltages to yield different oxide thicknesses were prepared and gold was evaporated on the surface. This provided a step-gauge for estimating oxide thickness.
The increase in acid concentration within pellet pores was determined by two methods: (1) measurement of the decrease in conductance of the bulk electrolyte during anodization, and (2) measurement of the increase in conductance of a small volume of water used to leach the acid from the anodized pellet.
In the latter case, the pH of the final solution could be used to confirm the calculated value of phosphoric acid in the leaching water. The phosphoric acid content of the anode was then calculated by knowledge of the free volume of the porous pellet.
RESULTS

EXPERIMENTAL DETAILS
Pellets were pressed from aluminum powder of 99.99% purity (exclusive of oxide). The It is readily seen that the mobility of hydrogen ion is so large that in solutions of low pH it would be expected to be the dominant current transporting ion. But, in a dilute solution of sodium dihydrogen phosphate with a pH of 5.45, the initial tH/ is 0.4, the remainder of the negligible and tH2 PO current being carried by outward migration of Na+. Therefore, the phosphoric acid concentration in the anolyte increases rapidly until the concentration becomes significantly large so that outward migration In the case of borates, on the other hand, production of oxide at the anode causes the electrolyte conductivity to decrease. The outward migration of salt cation and the inward migration of borate ion increases the concentration of boric acid, which is so slightly dissociated (K1 5.8 x 10 -1 0) that the anolyte resistivity increases. This causes a rapid rise in voltage at constant current without the attendant Although the same electrolyte changes occur when tantalum pellets are anodized, the production of a strongly acidic solution does not have the same adverse effect on the formation behavior of tantalum. increase in oxide thickness normally associated with that voltage rise.
The selection of a useful anodizing electrolyte is thus restricted by at least the following considerations: a) Salts of strong acids are undesirable, since the pellet interior will soon be subjected to a strong acid environment, b) Salts of very weak acids will generate highly resistant solutions within the porous pellet structure and reduce the formation rate to an impractical level.
Salts of acids with KI between 10 -3 and 10-would probably be the best choice; there are a number of organic acids that are known to form acceptable oxide films on aluminum foil and whose dissociation constants fall within this range. Salts of several of these acids were used in experiments and evaluated on the basis of their 'Formation Effectiveness,' that is, the degree to which they permitted a uniform oxide film to be formed throughout the pellet. In these experiments a mixed solvent, consisting of 25% water and 75% ethylene glycol, was used for both the salts and the acid solutions for which conductivity data was obtained.
The results are shown in Table III , including data for aqueous boric acid for comparison. The electrolytes are qualitatively graded on the basis of the degrees of uniformity of oxide fdm colors through the pellet cross section.
It is clear that the order is directly related to the dissociation constant of the acid from which the electrolyte salts were prepared, and thus to the conductivity of the acid solutions within the pores, and not to the conductivity of the bulk electrolytes. 
